-PA] with a purity of ≥ 95% was purchased from SiKEMIA (France). All phosphonic acids were used as received.
For syntheses and wet-chemical functionalization the solvents tetrahydrofuran, N,Ndimethylformamide, dichloromethane, chloroform and isopropanol were HPLC-grade and were obtained from VWR (Darmstadt, Germany). All other chemicals and solvents were purchased from Sigma-Aldrich (St. Louis, MO, USA) and were used without further purification. Reactions were monitored by thin layer chromatography (TLC) on silica60F254
TLC aluminium foils (Merck). Column chromatography was carried out on Silica gel 60 (particle size 0.04 -0.063 mm; desactivated), purchased from Macherey-Nagel. The titanium oxide (anatase) nanoparticles were purchased from nanograde ® (Stäfa, Switzerland) as a 20 wt.% suspension in isopropanol. The iron oxide nanoparticles were purchased from Sigma-Aldrich as a 0.5 wt.% suspension in water.
NMR spectra were recorded with Bruker Avance 300 (300 MHz), Bruker Avance 400 (400 MHz), and Jeol EX 400 (400 MHz) spectrometers. IR-ATR spectra were recorded on a Bruker 
Functionalization Procedure
The metal oxide nanoparticles were functionalized in a wet-chemical functionalization process in 0.15 wt% dispersions in isopropanol. To ensure a full coverage the particles were exposed to 5.0 mM solutions of phosphonic acids 1-3. 1 The particles were functionalized in a volume of 25 mL, corresponding to ~ 30mg nanoparticles. After adding the phosphonic acid, the dispersions were sonicated (40 kHz) for 30 min. After functionalization the mixture was centrifuged for 10 min (14.000 rpm). The functionalization included three washing steps. A washing step included re-dispersion of the particles in isopropanol followed up by another sonication step for 10 min and centrifugation.
Finally the particles were dried under vacuum or converted into the desired solvent for characterization or follow-up experiments keeping the particle concentration constant (0.15 wt%).
Additional Characterization of Monolayer Functionalized Materials
 TGA  DLS and zeta-potential For additional information on the functionalization/characterization on the phosphonic acid monolayer-functionalized material see also two of our previous publications. 
Reference Experiments with a Fluorescent Marker Amphiphile
To demonstrate that 2 nd shell amphiphiles could be easily exchanged and replaced, but, once formed, assembled in close proximity to the particle core we conducted additional experiments using the following two ionic surfactants: dodecylpyridinium iodide 11 and the fluorescent marker amphiphiles 10, that was previously reported by our group: 
10
3.5 Spray-coating procedure Nanoparticle films were manually spray-coated onto Si/SiO 2 wafers with a 100 nm thermal oxide layer. Before deposition of the films, the wafers were cleaned with a 5 min oxygen plasma treatment at 200 W at a pressure of 0.2 mbar (Pico, Diener electronic GmbH, Germany). During the spray coating process the substrate was heated to 100 °C on a hotplate.
Static Contact angle measurements
Static contact angles and calculated total surface energies (TSE) of DI water, diiodomethane, and nhexadecane on spray-coated films of hybrid assemblies:
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